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Abstract 

The non-biodegradability of plastics released into the environment makes the soils infertile, impedes the drainage of waste water 

and rain water in existing gutters and the spread of waterborne diseases which are traits to human life. This study aimed at 

producing roofing sheet from waste polyethylene terephthalate (PET) and river sand. Sand was collected from the river while 

plastic bottles were collected from the environment. The physical properties of the sand such as natural water content, specific 

gravity, apparent density, grain size analysis, Sand equivalent test and Organic matter content were determined. Nine different 

sample formulation of ten each were moulded with sand/PET content of 90/10, 80/20, 70/30, 60/40, 50/50, 40/60, 30/70, 20/80, 

10/90 (A to I). Water absorption rate, flexural strength, impact test and drilling test were determined. It was observed that the 

averages of natural water content, specific gravity and apparent density were 0.871%, 2.66 and 1.654g/cm3 respectively. The 

coefficients of uniformity, coefficient of curvature and fineness modulus of sand from grain size analysis were 3.17, 0.79 and 

2.97 respectively. The averages of visual and piston sand equivalent and organic matter content were 94.89%, 89.82% and 

2.42% respectively. The rates of water absorption of composites were 3.62% to 0.11% at saturation. Flexural strength and 

impact were 200.5daN/cm2 and 123J/mm2 respectively while the drilling time was maximum at 80% sand. These results 

obtained reveal that plastic/sand composite can be used as a roofing material. 
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1. Introduction 

Population urbanization increase and industrial growth has 

made worldwide waste management a challenge. The con-

ventional methods of disposing of solid wastes are landfill, 

incineration and recycling. However, landfill spaces are re-

ducing, incineration process emits dangerous or hazardous 

gases, and waste recycling seem to be expensive and laborious 

[1-3]. The highest form of this waste is plastic which is rising 

geometrically every day and the form of plastic waste found in 

the waste stream include; Polyethylene Terephthalate, 

High-Density Polyethylene (HDPE), Polyvinyl Chloride 

(PVC), Low-Density Polyethylene (LDPE), Polypropylene 

(PP), Polystyrene (PS), and Others (like polyester, polyamides, 

and polycarbonate). Sectors that use plastic are packaging, 

automotive, agriculture, furniture, sport, electrical and elec-

tronics, health and safety, building and construction, and 

consumer and household appliances [4-6]. Increase in plastic 

products has resulted in an increase in plastic waste, which is a 

challenge to waste management authorities. PET can be used 

in automobile tyre yarns, conveyor belts and drive belts, re-

inforcement for fire and garden hoses, seat belts [7]. Also PET 

can be used in the manufacture of geotextiles for stabilising 

drainage ditches, culverts, and railroad beds. Also diaper top 

sheets and disposable medical garments, magnetic recording 

tapes and photographic films, liquid and gas containers, water 

and beverage bottles resulting to 8.3 billion tons of plastic 

produced globally per year [8]. The same study reported that 

as of 2015, approximately 6.3 billion tons of plastic waste had 

been generated. Out of which, only nine per cent of the plastic 

has been recycled and 12 per cent incinerated, and a monu-

mental 79% have ended up in landfills. They also saw that 

around 4.9 billion tons of plastics amounting to 60% of all 

plastics ever produced—were discarded and are now accu-

mulating in landfills or in the natural environment. In Euro-

pean countries 39.7% of plastics are used in the sector of 

packaging [9]. But, in terms of size, the construction industry 

(19.8%), the automotive industry (10.1%), the electrical and 

electronic industry (6.2%), the household appliances sector 

(4.1%), the agricultural sector (3.4%), and for example: 

household appliances and products, furniture, medical devices 

(21.7%). In recent years, the amount of plastic waste recycled 

has increased, with simultaneous decrease in the amount of 

waste going to landfills and the maintaining the level of waste 

destined for energy recovery. In 2020, nearly 10.2 million tons 

of waste of plastic was recycled and stored. Since 2018 the 

European Union has intensified the fight against plastic. In a 

study titled Plastic Pollution in Africa: Identifying policy gaps 

and opportunities reported that, the per capita plastic con-

sumption in Africa in 2015 was 16 kg per person, compared to 

the global average of 45 kg per person [10]. Plastic waste 

generation in Sub-Saharan Africa is dependent on many fac-

tors such as urbanization, economic development etc. with a 

population of around 1 billion as of the year 2019, the quantity 

of total waste generated in Sub-Saharan Africa is 180 million 

tons, out of which 17 million tons of plastic waste is generated 

annually. 

In Cameroon waste management legislation has evolved 

with time especially within the past 10 years. However much 

of this municipal solid waste management (MSWM) practiced 

in Cameroon has not been affected. Waste management is still 

seen as an activity based upon the collection and dumping 

somewhere else; which is the traditional approach to waste 

management developing economic where cheap solutions are 

the principal driver [11, 12]. In their study on waste man-

agement policy in Cameroon with reference to Limbe mu-

nicipal council, echoed that there is a radical overhaul of the 

current policy and regulatory systems. More so the delivering 

sustainable waste management through consensus building, 

consultation, encouragement and openness must be developed 

prior to maximizing the potential available for waste reuse, 

recovery and recycling in Cameroon. It is equally visible that 

the main problems facing waste management in Cameroon is 

that most industries have a poor waste management standard 

[13]. 

Recycling is the process of converting waste materials into 

reusable products, and it is important to say that plastic recy-

cling is in its infancy stage. Recycling PET and HDPE plastic 

waste is an example of homogenous resin, which yields to 

products similar in quality to those of virgin resins. PET 

plastic waste can be recycled over and over again, hence 

reducing the need for PET disposal [14, 15]. These plastic 

wastes makes only 5% of the post-consumer plastic waste 

stream and the rest is either incinerated or put in landfill or 

abandoned in open space [16]. Composite materials that 

contain sand are flexible matrix produced by PET waste may 

have important mechanical properties with reasonable price 

consideration for new and environmental friendly construc-

tion material. Most studies have been able to demonstrate that 

plastic waste can be used as a supplement to aggregates. In 

any case, the results show that the inclusion of plastic waste 

eliminates the shrinkage cracking of concrete and reduces the 

drying shrinkage to some extent [17-19]. Plastic waste has 

been used as aggregate and has been seen that the flow ability 

and the thermal conductivity of mortar is improved and also 

the compressive and the flexural strength is not affected even 

if the present of plastic waste in concrete is up to 50% by 

weight [19]. A side from that the use of plastic waste as a 

binder obtained from a chemical reaction to produce polymer 

concrete gave a material with better compressive and flexural 

strength than cement Portland concrete [20]. The use of plas-

tic waste in the manufacture of bricks show that the com-

pressive strength is higher when compared with the conven-

tional clay bricks [21]. The use of plastic waste (PET) up to 50% 

by weight in the manufacture of sand/PET composite material 

gives material a lower density with sand grain size being an 

important factor in density reduction [22].  The porosity of 

sand/PET composite is lower than 5% and ranging between 
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0.05% to 3.8% compared to the cement materials which have 

porosity higher than 10%. Moreover, it arises that low sand 

grain size tend to reduce the proportion of air voids to water. 

This proportion of air voids depends not only on the grain size 

of sand but is also a function of the content of plastic present 

in the composite. The water absorption of these bricks from 

sand/PET are very less 0.9 % to 4.5% than in normal clay 

bricks which is around 15% to 20% of the weight of bricks [21, 

23]. They stated that the reason for the decrease in the max-

imum dry density in sand/PET composite is due to the fact 

that sand particles are denser than PET plastic waste. As more 

PET plastic waste is added in the sand-PET plastic composite, 

the composite becomes lighter and such composite can be 

used in projects that require lower maximum dry density.  

The experimental study on sand properties and plastic/sand 

composites for roofing is important to add value on waste 

plastic. 

2. Materials and Method 

2.1. Sand 

Sand was collected from a river in the North West region of 

Cameroon. The sand obtained was washed and sun dried for 

two sunny days of six hours each as presented in figure 1. The 

sand properties were carried out at Geostruct laboratory in 

Menteh Nkwen Bamenda 3 sub division North West region of 

Cameroon. 

2.1.1. Natural Water Content 

This was done in accordance with NF P 94-050 standard 

[24]. The natural moisture content, also known as natural 

water content is the ratio of water weight to the weight of 

solids in a specific quantity of sand, expressed as a percentage. 

To determine this, three cans labeled R', D', and P' were ini-

tially dried and weighed (W1). Subsequently, sand samples 

were placed into these containers and reweighed (W2). The 

containers with the sand samples were then heated in an oven 

set at a constant temperature of 105oC for 24 hours. After this 

period, the pans were weighed again to establish the final 

constant weight (W3) of the dried sand samples. This method 

involves oven-drying the sand sample until its weight stabi-

lizes, effectively removing all moisture. The percentage of 

moisture content was calculated as presented in table 1. 

 
Figure 1. Drying of sand. 

Table 1. Natural water content of sand. 

S/N Description Formular Units 

Number of Cans 

R’ D’ P’ 

1 Total mass of wet sample  g 353.7 382.5 363 

2 Total mass of  oven dry sample  g 351.2 378.9 360.3 

3 Mass of can  g 27.0 28.6 28.0 

4 Mass of water (1) – (2) g 2.5 3.6 2.7 

5 Mass of oven dry material (2) – (3) g 324.2 350.3 332.3 

6 Water content (4)*100/(5) % 0.771 1.028 0.813 

7 Average Sum (6)/3 % 0.871 

 

2.1.2. Specific Gravity 

This was carried out using NFP 94-050 standard [24]. The 

specific gravity test of sand is used to determine applications 

such as super pave mix design, deleterious particle identifi-

cation and separation, and material property change identifi-

cation. Specific gravity refers to the ratio of the mass of a unit 

volume of sand at a specified temperature to the mass of the 

same volume of gas-free water at the same temperature. 

Knowledge of specific gravity is essential for calculating soil 

properties such as void ratio and degree of saturation. Two 

pycnometers, P1 and P2, were dried and weighed; their 

weights were recorded as W1 and W2, respectively. 
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Half-filled with water, the pycnometers were weighed again. 

The sand sample was then weighed using a balance of scale 

0.001 precision. Subsequently, the sand sample was placed 

into the pycnometer and carefully agitated to eliminate any air 

voids. The pycnometer was then left undisturbed for 24 hours. 

After this period, water was added to bring the volume up to 

500 ml, and the pycnometer was reweighed. This entire pro-

cedure was repeated for both pycnometers and the specific 

gravity was calculated as presented in table 2. 

Table 2. Specific gravity of sand. 

S/N DESCRIPTION DESIGNATION FORMULAR 

No of Pycnometr 

P1 P2 

1 Weight of pycnometer A  511.9 519.8 

2 Weight of pycnometer + water B  1502.3 1503.5 

3 Weight of water C b - a 990.4 983.7 

4 Density of water D  0.997 0.997 

5 Volume of pycnometer E c/d 993.38 986.66 

6 Weight of pycnometer + material F  1142.5 1118.4 

7 Weight of material G  630.6 598.4 

8 Total weight H b + g 2132.9 2101.9 

9 
Weight of pycnometer +water + material after 24 

hours 
I  1902.77 1870.35 

10 Weight of water displaced J h - i 230.13 231.55 

11 Volume of material K j/d 230.82 232.25 

12 Specific gravity L g/k 2.73 2.58 

13 Average (P1 + P2)/2 2.66 

 

2.1.3. Apparent Density 

It was done using NF P 94-053 standard [25]. The apparent 

density (once called as volume weight) of sand is the mass per 

unit volume of the material (sand) in its natural state. Sand 

was dried in an oven at the temperature of 105°C for 24hours 

to remove any moisture. It was then allow to cold at room 

temperature. Five molds 1,2,3,4 and 5 were weighed and filed 

with the dried sample. The mass of the container filed with the 

sample were measured using a scale balance. The volume of 

the container was displaced with a calibrated volume maker. 

The apparent density was calculated as presented in table 3. 

Table 3. Apparent density of sand. 

S/N Description Units Formular 

Number of Mold 

1 2 3 4 5 

1 Mass of mold G  482.4 482.4 482.4 482.4 482.4 

2 Mass of mold + material G  3855.4 3729.6 3803 3711.9 3868.5 

3 Mass of material G (2) – (1) 3372.8 3247.2 3320.6 3229.5 3386.1 

4 Volume of mold Cm3  2000 2000 2000 2000 2000 

5 Apparent density g/cm3 (3)/(4) 1.69 1.62 1.66 1.61 .69 
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S/N Description Units Formular 

Number of Mold 

1 2 3 4 5 

6 
Average apparent 

Density 
g/cm3 Av (5) 1.654 

 

2.1.4. Grain Size Analysis 

For sand, the sieves ranges were selected from 6.3mm to 

0.063mm according to NF EN 93-1 standard [26]. Grain size 

analysis test was carried out to determine the percentage of 

different grain sizes contained within the sand. Mechanical or 

sieve analysis was utilized to determine the distribution of 

coarser, larger particles, revealing the relative proportions of 

different grain sizes within the sand mass. Sand sample of 

weight 2500g was measured using an electronic balance. 

Sieves were selected and arranged in order. The sand sample 

was sieved and from the sieve with the largest diameter to the 

smallest and the weight of the sand retained on each sieve is 

recorded. A graph was drawn on sieve size against passing of 

sand percentage. D10, D30, and D60 were extrapolated and 

coefficient of uniformity Cu and coefficient of curvature Cc 

were determined by 

Cu
𝐷60

𝐷10
                      (1) 

Cc
(𝐷30)2

𝐷10∗ 𝐷60
                      (2) 

Where, 

D60 diameter of particles at 60% 

D30 diameter of particles at 30% 

D10 diameter of particles at 10% 

2.1.5. Sand Equivalent Test 

The test was carried out as follows in accordance with NF P 

18-598 standard [27]. The sand equivalent test is used to 

determine the presence of clay like substance in the aggregate 

sand.  Three test tube tube1, tube2 and tube3 were filed with 

sand sample and water was added to them to create a uniform 

suspension. The mixtures were stirred and allow for 20 

minutes while the times for stirring were noted. The various 

height were measured and the visual and piston sand equiva-

lent were calculated as presented in Table 4. 

Table 4. Sand equivalent of sand. 

DESCRIPTION  

Number of test tube SE01 SE02 SE03 

Installation time (T0) 11:08 11:09 11:10 

Agitation and end of washing time (T1=T0+10) 11:18 11:19 11:20 

Star of flocculation (T2) 11:21 11:22 11:23 

Time of measurement ( T3 = T2+20) 11:41 11:42 11:43 

Total Height H1  mm 84 82 89 

Height of sand at sight H2’  mm 79 78 85 

Height of sand with piston H2  mm 74 75 80 

Visual sand equivalent Evs =100*H2’/H1  94.05 95.12 95.51 

Average 94.89 

Piston sand equivalent Es = 100*H2/H1  88.10 91.46 89.89 

Average 89.82 
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2.1.6. Organic Matter Content 

This test was carried out according to NF P 94 050 standard 

[24]. The purpose of the organic content test was to determine 

the level of the organic matter in the sand. It could be high, 

medium or low. Organic matter improves sand structure, 

nutrient holding capacity, water holding capacity and infil-

tration. The mass of an empty dry dish was measured and 

recorded. Sand was then placed into the dish and weighed. 

The dish with sand was subsequently placed in an oven set at 

200oC for 4 hours. After drying, the dish was removed and 

allowed to cool to room temperature; the mass of the ov-

en-dried sand (ODS) sample was then measured and recorded 

as presented in table 5. 

Table 5. Organic matter content of sand. 

S/N Description Designation Formula 

Number 

1 2 3 

1 Mark of can A  P’ R’ T’ 

2 Weight of can (g) B  29.3 27.8 26.1 

3 Weight of can + sample (g) C  297.2 341.7 291.6 

4 Weight of can + ODS after 4 hours (g) D  290.3 335.2 285.2 

5 Weight of organic content(g) E C - D 6.9 6.4 6.6 

6 Weight of ODS after 4hours F D - B 261 307 259.1 

7 Organic content (%) G E/F * 100 2.64 2.08 2.54 

8 Average organic content (%) H G1+G2+G3/3 2.42 

 

2.2. Plastic 

Plastic were hand-picked from the gutters, drainage and street 

of Bamenda, North West region of Cameroon, these waste 

were manually washed using detergent and was rinsed several 

times to remove the impurities. It was chopped into smaller sizes 

with the help of a knife and sun dried as seen in figure 2a and b. 

 
Figure 2. a. Flicks from plasti bottles; b. Drying plastic. 

2.3. Sand/Plastic Composition Formulation 

The samples were formulated in nine ratio of sand/PET 

mixture by weight ranges from 10 to 90 % table 6. The plastic 

and sand were subjected under heat in a separate can, when 

the plastic was completely melted, the hot sand were pour into 

the melted plastic while stirring to have a homogenous mix-

ture of the sample. The pouring process was done by using a 

ladle to dish mixture out of the pot. This mixture is then 

compressed in the moulds to reduce voids. After which the 

samples were removed from the moulds and allowed under 

room temperature for 35 days before testing. The corrugated 

mold was used with dimension 250mm X 200mm X 15 mm as 

seen in figure 3a and b. 

 
Figure 3. a.corrugated cover with print; b. corrugated mold print. 

After molding, the dough is compacted by the use of 

pressed to eliminate voids and pores that could store water as 

shown in figure 4 a and b. The different specimen composi-

tions are presented on table 6 and figure 5. 
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a                                                     

b 

Figure 4. a. Press used; b. kinematic diagram of press. 

Table 6. Different percentages of plastics/sand composition. 

Composites 
Percentage of plas-

tics (%) 

Percentage of 

sand (%) 

Sample A 10 90 

Sample B 20 80 

Sample C 30 70 

Sample D 40 60 

Sample E 50 50 

Sample F 60 40 

Sample G 70 30 

Sample H 80 20 

Sample I 90 10 

The sand/plastic mixture proportion texture 

 
a 

 
b 

 
c 

Figure 5. a. Specimen A, B and C; b. Specimen D, E and F; c. 

Specimen, G, H and I. 

2.3.1. Water Absorption Test 

The water absorption test was carried out in GEOSTRUCT 

Menteh. To determine the rate of water absorption; the sam-

ples were weighed (Mi) and immersed in water at room 

temperature. The samples were taken out periodically and 

after wiping out the water from the surface of the sample 

weighted (Mf) immediately using a Digital scale of 0.001 

precision. The specimens were weighed regularly after every 

24 hours till saturation. 

Water absorption rate WA% was then calculated as 

𝑊𝐴 (%) =
𝑀𝑓−𝑀𝐼

𝑀𝐼
 100              (3) 

Where Mi and Mf are the masses of the samples before 

and after immersion in water respectively [28]. 

2.3.2. Flexural Test 

The flexural test was conducted using flexural test machine 

of mark RMU serial 1461288 with the capacity of 500dN at 

the laboratory of civil engineering in Government Technical 

High School (GTHS) Bamenda. The specimens of the size 

160 × 40 × 40 mm were tested for flexural strength.  An 

increasing axial load was applied on the specimens under a 

three-point load until failure occurred to obtain the maximum 

flexural load. The specimen dimensions and weights were 

taken before the testing and ten (10) samples were tested per 

formulation. 

The flexural strength was obtained by using the formula; 

Flexural strength =  
3FL

2b𝑑2            (4) 

Where; 

F: maximum flexural load (daN) 

L: length of test sample (mm) 

W: width of test sample (mm) 

d: thickness of test sample (mm) 

2.3.3. Drilling Test 

Drilling test was carried out at Government Technical High 

School Bamenda in the electromechanical maintenance 

workshop. Each of the specimens was drill with the help of a 
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pillar drilling machine while the time taken from when the 

drill touches the specimen to the time it produces a true hole 

was recorded from an electronic stop watch. 

2.3.4. Impact Test 

Impact test was carried out at LAMMA, laboratory of 

mechanical engineering in Higher Technical Teacher Training 

College, University of Douala, Cameroon. This was done by 

placing the specimen on the impact machine where the arm of 

the machine was raised to a height and then released. The 

initial height and angle were noted then values are taken when 

the arm breaks the specimen and the angle read. The impact 

coefficient was calculated by; 

𝐾 =
𝐸𝑜−𝐸1

𝑆
                     (5) 

where 

k is the impact coefficient, 

E0 is the energy without loading, 

E1 is the energy gotten after loading and 

S cross sectional area of sample specimen 

3. Results and Discussion 

3.1. Natural Water Content 

The results obtained from PH (potential hydrogen) test and 

the moisture content shows that, the sample relation of colour 

identifies the sand to be natural with 0.87% average moisture 

content figure 6. Natural sand when used with cement has no 

negative reaction. 

 
Figure 6. Moisture content of sand. 

3.2. Specific Gravity 

The value of average specific gravity obtained for the sand 

was 2.66 is within accepted values and comparable to 

Kulkami and Nemade (2020) [29] with 2.61-2.7. Note that the 

limits for specific gravity given in Figure 7 are not strict re-

quirements for sand but only a representative of the range of 

specific gravity of most normal weight sand used in this 

production. 

 
Figure 7. Specific Gravity of sand. 

3.3. Apparent Density 

The bulk density of river sand ranges between 1600 to 

about 1800 kg/m3. The bulk density is dependency of mineral 

composition; sorting and void ratio of the sand grains (Abdias 

et al 2023) [30].  The apparent or bulk density of the sand use 

was similar to values reported from previous investigation 

(Meghashree et al 2016) [31]. The values of density obtained 

in this study as 1.656 g/cm3 (figure 8) may be due to the fact 

that the sand was coarse and porous in it grains. 

 
Figure 8. Apparent density of sand. 

3.4. Grain Size Analysis 

The particle size distribution of the sand review in figure 9 

that the coefficients of curvature (Cc) obtain is 0.79 and the 

coefficient of uniformity (Cu) is 3.17. A well graded soil has a 

Cu value of 5 or even more and a Cc value ranging between 1 

and 3 [32, 33]. The values indicate that the sand has small 

range of particle size. But as compared to the value obtained 

by [33] in a study on river sand and quarry dust, the value of 

Cc is smaller as of theirs 0.96 and that of Cu greater as of 

theirs of 2.11. The values variation or differences may due to 

the different location from where the sand was collected. The 

fineness modulus Mf value for the sand was gotten as 2.97 

which fall within the range of coarse sand (fine aggregate) 

known locally as sharp sand between 2.9 to 3.2. the aggregate 

falls in zone 2 of fine aggregate classification and can be used 

for producing concrete [33]. 
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Figure 9. Grain size analysis. 

3.5. Sand Equivalent Test 

The value of sand equivalent ranges from less than 30 to 

more than 90 with [34, 35]. The value of the sand equivalent 

obtained for this study is 89.82 figure 10 and with approxi-

mation of 90. This is within the range and indicates that there 

is less clay like compounds in the sand therefore the sand is 

clean and free from human waste activity[30]. 

 

 
Figure 10. Sand Equivalent test. 

3.6. Organic Matter Content 

The value of organic matter content in the sand is 2.42 

figure 11. The range of organic matter content in sand and 

soils ranges from less than 1% to about 5%. The value ob-

tained indicates a higher value of organic matter content 

present in the sand. It can be due to the human activities 

around where the sand was collected. ODS oven dried. 

 
Figure 11. Organic matter content. 
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3.7. Water Absorption of Composite 

The line graph in figure 12 shows that the effect of PET 

parameters on the water absorption of composites with in-

crease in immersion time. It is observed that the water ab-

sorption process was increasing as the immersion time in-

creases from the first day up to forth day and started leveling 

off after the forth where the water absorption approaches 

saturation and an equilibrium can be seen. At A where com-

posite has 10/90% ratio of PET/sand the water absorption 

recorded the highest percentage while I with 90/10% ratio 

recorded the lowest percentage of water absorption at satura-

tion. The average result presented here shows that when the 

quantity of plastic in the sand/PET composite increases as the 

sand ratio decreases, there is a reduction in the level of water 

absorption of the composite. These results may be so because 

all plastics are water proof and the water absorb by the com-

posite is due to the present of void in the composite cause by 

the presence of sand in the composite.  According to [21, 36] 

good quality bricks absorb less amount of water. For a good 

quality composite, the water absorption should be less than 20% 

of its own weight. Studies on the porosity to water show that it 

reduces with the increase in the percentage of plastic wastes 

(PET). Indeed, sand has a high porosity relative to that of the 

plastic. This is why the addition of the percentage of plastic 

makes the value of this porosity to fall [22]. These results 

show that all the composite material samples made from 

PET/plastic wastes that have been analyzed have low water 

porosity values less than 4% that vary between 3.62% and 

0.11% of measurement summation at saturation compared to 

cement materials that have porosity values higher than 10% 

[37] (Konin, 2011) 

 
Figure 12. Average Rate of Water Absorption. 

3.8. Manufacturing Time of the Different 

Specimen 

The results of the time of manufacture for each specimen 

are as shown on the figure 13 which gives the evolution of 

working times in function of the specimens. 

 
Figure 13. Variation of the working time as a function of specimens. 

It can be observed from the graph that the amount of plas-

tics keeps increasing as the time also added and this may be 

due to the quantity of plastics. 

3.9. Heating Control Diagram 

 
Figure 14. Heating control Diagram. 

We can observe from the Figure 14 that there is an increase 

in temperature with time till the point where plastics are 

completely introduced and we see a sharp rise in the tem-

perature which is maintained for a period of time while in-

troducing sand. When the sand is completely mixed, we 

notice that at the moulding stage, the temperature rises dras-

tically and this may be due to the presence of sand since it has 

a high degree of storing heat. 

3.10. Mechanical Test Analysis 

3.10.1. Flexural Test 

The graph of figure 15 shows that the maximum flexion 

effort is obtained with the mixture 50 % of plastic and 50% of 

sand i.e. 200.5daN/cm2.For the specimen lower than 20 % of 

plastic waste, the flexion effort is weak. On the other hand, if 

the quantity of plastic of the mixture exceeds 50 %, the 
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flexion effort decreases. There is then a well-defined compo-

sition of the mixture so that the bending effort at the end is 

optimal and the result of sand/plastic (200.5daN/cm2) is the 

peak. Comparing this result to that of [38] found out that the 

flexural strength of new composite decreases steadily as the 

percentage of plastic increases. 

 
Figure 15. Variation of bending effort of the plastic/sand mixture. 

3.10.2. Drilling Test 

The test of machinability was carried out to determine and 

the results shown in figure 16. 

 
Figure 16. Variation of drilling time possibility. 

It is noticed from the graph that the drilling time is directly 

related to the percentage of sand and hence the time decrease 

as the percentage of sand decreases. 

 

 

3.10.3. Impact Test 

 
Figure 17. Impact strength of sand/plastic composite. 

The impact strength of the composite increases steadily 

from 40% to 50% of plastic and starts to drop after 50% as 

seen in figure 17 above. Comparing this result to the one of 

[39] who works on the mechanical properties of concrete 

using recycled plastic indicates that the addition of plastic like 

aggregate allows enhancing the impact resistance of concrete. 

4. Conclusion 

In order to mitigate the environment from 

non-biodegradable PET for a more sustainable ecofriendly 

product, an investigation on the physical properties of river 

sand and mechanical properties of sand/PET composite were 

carried out. It was observed that the river sand had coefficient 

of uniformity, coefficient of curvature and fineness modulus 

of 3.17, 0.79, and 2.97 respectively. From the produced 

composite which varied from A- I (90/10, 80/20, 70/30, 60/40, 

50/50, 40/60, 30/70, 20/80, 10/90), it was observed that sam-

ple E had the highest impact and flexural strength respectively 

while sample I (10/90 of sand/plastic composite) has the 

lowest water absorption rate of 0.11% after 5 days, this could 

be attributed to the high concentration of Plastic with the 

sand/plastic composite which renders the sample more im-

permeable to water. Hence from these experimental observa-

tions, it could be deduce that the sample E (50%/50% of 

sand/plastic composite) was an optimal in the production of 

corrugated sand/plastic composite for possible application a 

roofing material in building construction. drilling time. 

Abbreviations 

PET Polyethylene Terephthalate 

HDPE High-Density Polyethylene 

PVC Polyvinyl Chloride 

LDPE Low-Density Polyethylene 
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PP Polypropylene 

PS Polystyrene 

MSWM Municipal Solid Waste Management 

ODS Oven-Dried Sand 

GTHS Government Technical High School 
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